The physiological adaptation response to environmental stress of a plant can induce changes in physiological and physical conditions of the plant. These changes influence the dielectric properties of the plant, which can be detected by measuring complex dielectric properties of plant materials. 
INTRODUCTION
which appear as changes in the dielectric relaxation spectra . Applications of microwave measurements in agricultural production include mainly research on water content and density measurements (Kraszewski , 1980 (Kraszewski , , 1991 Kraszewski and Nelson, 1995; Nelson, 1992; Schilz and Schiek, 1984; El-Rayes and Ulaby , 1987) . Recently, to obtain fundamental data on dielectric heating by microwaves, measurement of frequency and temperature dependence of complex permittivity for fruits and vegetables has been conducted (Nelson, 2003; Feng et al., 2000) . Other research has been conducted on the application of dielectric heating for insectcontrol by selective heating of agricultural products (Nelson , 1973; Ikediala et al., 2000) . However, research on detecting changes in dielectric properties of plants that result from environmental adaptation responses of the plants has not been found at this point .
In previous research by the authors, the potential for nondestructively detecting water stress in tomato plants was demonstrated (Shimomachi et al ., 2001) . A tomato plant was placed in between a pair of horn antennae and microwave transmission characteristics of plant and surrounding space were measured using the free space method. Further , by using an open-ended coaxial probe to nondestructively measure dielectric properties of plant leaves , it was shown that tomato plant adaptation responses to water stress could be detected (Shimomachi et al ., 2004) . It was suggested that there were changes in the amount of osmoregulatory substances that are produced as an adaptation response during the process of adapting to water stress, and the principle of detection was shown using a physiochemical model for simulation .
In the present research, tomato plants grown under normal conditions for four weeks and then adapted to stress for four weeks were used. The plant length, stem diameter , leaf area, photosynthetic rate, stomatal conductance, water potential and dielectric properties of the leaves (0 .3 to 3 GHz) were measured. By chemical analyses of the amounts of metallic ions , amino acids, and soluble proteins, relationships between dielectric properties and physiological and physiochemical changes of the tomato plant caused by salt stress were investigated , and the mechanism for detection by microwaves was examined. 
Measurement method
To measure the complex permittivity of the tomato leaves a network analyzer (Model HP8714ES, Agilent Technologies Co., U.S.A .) with a frequency range of 300 kHz-3 GHz with 1 Hz resolution and an open-ended coaxial probe (200 MHz-20 GHz Agilent 85070D Dielectric Probe Kit, Agilent Technologies Co., U.S.A.) were used . In the research for nondestructively sensing adaptation responses of tomato plants to water stress (Shimomachi et al ., 2001) , the same methods were used. The measurements of complex permittivity for tomato leaves and ground tomato (Wolf, 1977) .
RESULTS

AND DISCUSSION
1. Effect of salt stress on growth of tomato plants Figure 1 shows the relationship between NaCI concentration of the nutrient solution, plant length, and leaf area (average area of leaves 5 to 8 from the growth point, stem diameter and leaf water content. Each measurement is the ratio compared with the measurement for the plant in 0 mmolL-1 NaCl. Plant length, leaf area and stem diameter all decreased with increasing NaCl concentration, indicating that salt stress suppresses the plant growth. The water content of the leaf remained fairly constant, indicating that water content was not affected much by salt stress.
2. Effect of salt stress on photosynthetic rate, stomatal conductance, and water potential The relationships between NaCl concentration of the nutrient solution and photosynthetic rate, stomatal conductance, and water potential are shown in Fig. 2 . Stomata! conductance decreased markedly with increase in salt stress, but photosynthetic rate showed little or no tendency to decline. A nearly linear relationship was found between water potential and NaCl concentration, in- The close correlations between water content and complex permittivity of tobacco by Schilz and Schiek (1984) and between leaf water content and complex permittivity for leaves of poplar and maize in research by El-Rayes and Ulaby (1987) who used the same type of open-ended coaxial probe as in the present research support the principles of microwave moisture meters. However, the tobacco leaf water content measured by Schilz and Schiek (1984) ranged from 0 to 30%, and the water content of the poplar and maize leaves for permittivity measurements by El-Rayes and Ulaby (1987) ranged from 2 to 86%. The range for the water content measurements was large and the measurement results were of plants in severely wilted condition with close to no life activity. Since the measurements were taken in a range where plant adaptation responses to the environment could not arise, this could be a cause of differences in results compared to those obtained in the present research 4 Plant bodies are formed from constituents such as water, cellulose, which is a macromolecule, inherent chemical constituents, and adaptation response substances formed or induced by stress (electrolytes, amino acids, proteins). In the formation of these substances, strongly hydrophilic peptide bonds, and amino (-NH2), carboxyl (-COOH), and hydroxyl (-OH) groups are included, so the moisture of plant bodies exists not only as free water, but also as bonded water. Further, it can be considered that since adaptation substances formed due to stress have compound effects, and there is the added phenomenon of dielectric dispersion by multiple substances, changes in the dielectric relaxation spectra (complex dielectric frequency characteristics) arise. From this also, by analysis of the dielectric relaxation spectra and understanding the compound mutual effects of these substances at the measurement frequency region above around 20 GHz, which is the frequency of relaxation of water, clarification of the process of plant adaptation to stress from the physiochemi cal point of view is promising.
Plants can be classified in terms of growth reactions in a salt stress environment as salt plants (halophilous), salsuginous plants, salt tolerant plants, weak salt tolerance plants and salt sensitive plants (Greenway and Munns, 1980) , respectively. From the results of the present research, the establishment of a newly, simple and quick method for classifying salt tolerance which is different from previous classification methods, will be expected.
